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(57) Abstract 

The present invention is directed to the use of metal complexes of general formula (I) with Schiff base ligands, which contain sulfur, 
nitrocen and oxygen as donor atoms, have both an agonistic and synergistic effect on the TPO receptor, in the treatment of diseases or 
disoraers where thrombopoietin or another peptide/protein binding to the mpl receptor is used as therapeutic agent, particularly in the 
treatment of thrombopenias and anemias, and drugs containing same, wherein L, X, Me, Y, Z, R, T, and R 1 have the above-specified 
meanings. 
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MFL-RECEPTOR LIGANDS. PROCESS FOR THEIR PREPARATION, MEDICAMENTS CONTAINING THEM AND 
THEIR USE FOR THE TREATMENT AND PREVENTION OF THROMBOCYTOPAENIA AND ANAEMIA 

The present invention is directed to metal complexes 
with Schiff base ligands, which contain sulfur , nitrogen or 
oxygen as donor atoms, have an agonistic and/or synergistic 
effect on the TPO receptor, methods of preparing same, and 
drugs containing same. 

The invention relates to metal complexes of general 
formula I 



L 




wherein 

Me represents cobalt, copper, nickel or zinc, which may 

optionally form a bond to N; 
X represents sulfur, oxygen or an amino group which may be 

substituted by C1-C10 alkyl or benzyl; 
Y represents oxygen, sulfur or an amino group which may be 

substituted by C1-C10 alkyl, benzyl or phenyl; 
T represents nitrogen or CR 12 , wherein R 12 may be hydrogen, 

C1-C10 alkyl, benzyl or phenyl; 
Z represents oxygen, NH or a bond; 

R represents hydrogen, phenyl which may optionally have 
one or more substitutions, or pyridyl; 
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represents hydrogen, C 1 -C 10 alkyl f phenyl which may 
optionally have one or more substitutions r a carboxyl or 
c i~ c io alkoxycarbonyl group; 

represents an ethylene group (A) , an aromatic ring (B), 
or a heterocyclic ring (C) : 



(A) 





wherein 

R 2 , R 3 independently represent hydrogen, Cj-Cjq alkyl, phe- 
nyl, carboxyl, C^C^ alkoxycarbonyl, or aminocarbon- 

yi; 

R 4 , R 5 , R 6 , and R 7 independently represent hydrogen, chlo- 
rine, bromine, iodine, fluorine, trif luoromethyl , 
cyano, S0 3 H, S0 3 Na, -SO-R 9 , -S0 2 -R 9 ,- nitro, phenyl 
which may optionally be substituted, C X -C 1Q alkyl 
c i" c io alkoxy, C^-C^q acyloxy, aralkoxy, -CO-R 9 , 
NR 10 R 11 , hydroxy, or cycloalkyl; 
wherein 

R 9 may be hydroxy, C^-C^q alkyl, phenyl, amino, mono- or 

dialky lamino ; 

R 10 and R 11 independently represent hydrogen, C^-C^ alkyl, 
phenyl, benzyl, or C^-C^ acyl; 

R 5 , R 6 together represent the -CH=CH-CH=CH- group; 

R 1 , R 7 together may form a carbocyclic saturated or unsatu- 
rated ring system having 5-14 C atoms, which may 
optionally have one or more substitutions by halogen, 
nitro, hydroxy, Cj-C^ alkyl, Cj-Cjo alkoxy, C^C^ 
alkoxycarbonyl, amino, sulfonyl, sulfinyl, mercapto, 
c i" c io alkylmercapto , mono- or di-C^C^-alkylaniino; 

D, E , F, G independently represent CR 4 or N, where either 
the symbols D=E or F— G may also represent oxygen, 
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sulfur or NR 10 , or the symbols D=E, E-F, F=G may be 
components of another fused ring system; 
and their optically active forms, racemates, tautomers, dia- 
stereomeric mixtures, as well as the physiologically tolera- 
ble salts and prodrugs of these compounds. 

The invention is also directed to compounds of gener- 
al formula II 



1 2 




R 12 , 



Y, Z, L, and JT have the meanings specified for 



wherein 
R, R 

formula I, X represents sulfur, oxygen or an amino group 
which may be substituted by C^-C^ alkyl or benzyl, and R 
represents hydrogen, benzyl, acetyl or C^C^ alkyl, and their 
optically active forms, racemates, tautomers, diastereomenc 
mixtures, as well as the physiologically tolerable salts and 

Si 

prodrugs . 

In addition, the invention is directed to compounds 
of general formula III 
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(in) 



wherein 

R, R 1 , L, Me, T, X, Y, and 2 have the meanings specified for 
formula I, Q represents tetrahydrof uran, dimethyl sulfoxide, 
dimethylformamide, ammonia, a primary, secondary or tertiary 
amine, pyridine, a trialkylphosphine or triphenylphosphine, 
l-Me-3 , 4-dihydroisoquinoline , 1,3, 3-trimethyl-4-hydroisoquin- 
oline, and their optically active forms, racemates, tauto- 
mers, diastereomeric mixtures, as well as the physiologically 
tolerable salts and prodrugs . 

In addition, Q may be a compound of general formula 
II, so that a complex is formed which contains metal ion and 
ligand at a ratio of 1:2. Q may also be a compound of general 
formula I, so that a dimeric complex is formed which contains 
metal ion and ligand at a ratio of 1:1. 

The invention also relates to methods of preparing 
the above compounds, drugs containing these compounds, and 
the use of these compounds in the production of drugs. 

The compounds of general formula 1/ II or III have 
valuable pharmacological properties. They act as thrombopoi- 
etin agonists and/or synergists and thus, are suitable in the 
treatment of diseases where inter alia, thrombopoietin or 
other proteins /peptides binding to the mpl receptor (thrombo- 
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poietin receptor) are used as therapeutic agents. In particu- 
lar, they are suitable in the treatment of hematopoietic dis- 
orders, e.g., in the therapy of thrombopenias and anemias, 
e.g., following chemo- or radiotherapy or bone marrow trans- 
plantation, and in the mobilization of stem and progenitor 
cells. Also, they may be used in the in vivo and in vitro 
expansion of stem cells to regenerate the hematopoietic sys- 
tem and to provide modified stem cells for gene-therapeutic 
uses. In the following, the term "TPO" will be used for all 
proteins /peptides binding to mpl. 

Amongst the various cells of blood which, having a 
lifetime ranging from only a few hours to up to 20 days, must 
constantly be regenerated, the megakaryocytes produced by 
progenitor cells are an important group. Megakaryocyte growth 
and development is controlled by hematopoietic growth fac- 
tors. Thus, on the one hand, they effect expansion of the 
megakaryocyte progenitors (megakaryopoiesis ) and, on the 
other hand, induce megakaryocyte maturing up to formation of 
thrombocytes ( thrombopoiesis ) . Thrombocytes, also referred to 
as blood platelets, are small cells which contribute to blood 
clotting, and close wounds as a result of their ability of 
aggregating. Following fragmentation of the cytoplasm, mega- 
karyocytes release blood platelets into the vascular space. 
In a healthy person, 3-10 billion thrombocytes are produced 
by the blood-generating cells of the bone marrow. 

Chemo- or radiotherapy in the treatment of cancer, 
various infectious diseases, leukemia or aplastic anemia may 
result in a life-threatening damage to the blood cells. Like- 
wise, large amounts of hematopoietic cells must be resynthes- 
ized subsequent to a bone marrow transplantation, and in same 
rare cases, congenital defects are present as cause for a 
decreased platelet number. 
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Referring to the U.S.A. alone, more than 250 , 000 
patients undergo chemotherapy, at least one third of them 
become diseased with thrombocytopenia and therefore, approxi- 
mately 10 million thrombocyte transfusions are required. To 
this end, however, an enormous amount of stored blood is 
needed and, in addition, problems arise such as alloimmuniza- 
tion, possible transmission of viral and bacterial infec- 
tions, as well as congestive heart failure. 

The factor which is responsible for the humoral con- 
trol of megakaryocyte growth and platelet generation, namely, 
TPO ( thrombopoietin , also referred to as M-GDF (megakaryocyte 
growth and development factor)) was first isolated in 1994 by 
various groups [1-3]. The physiological TPO binding site is 
the mpl receptor which, for example, is present on CD34© 
cells, megakaryocytes and platelets [4]. 

In addition to its effect on megakaryopoiesis , TPO 
also stimulates erythropoS.es is [5] and therefore, also in- 
creases formation of erythrocytes in myeio-suppressed, irra- 
diated mice which had been treated with a chemotherapeutic 
agent. Moreover, it has been possible to achieve a raise in 
neutrophiles [5]. Similarly as in animal models, TPO effects 
an increase of blood platelets in tumor patients with 
thrombopenia [6,7] and exhibits good tolerability (WO-A- 
96/15758, WO-A-97/16535) . 

Therefore, by using TPO alone or in combined action 
with EPO and G-CSF which represent the stimulating factors in 
the formation of erythrocytes and granulocytes, respectively, 
it should be possible to accomplish higher and more frequent 
doses in radio- and/or chemotherapy and consequently, enable 
a more effective cancer therapy. 

However, treatment using TPO human protein involves 
a number of drawbacks: 
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Being a recombinant: protein, it is extremely expensive, it 
has to be administered on the parenteral route due to lacking 
oral bioavailability, and it is liable to rapid degradation 
by proteases to form inactive fragments. WO-A-96/40750 
describes peptides having TPO-agonistic activity, but in this 
case as well, there is the same problem of lacking oral 
bioavailability and sensitivity to proteases, making it 
necessary to administer these substances by injection or 
infusion. 

Low molecular weight substances of general formula I, 
II or III surprisingly show TPO-agonis*cic and synergistic 
activity that has been unknown to date and therefore, they 
are valuable drugs . 

Surprisingly, they also stimulate the in vitro formation 
of hematopoietic cells and are capable of in vivo increasing 
the number of stem cells in peripheral blood for both autolo- 
gous and allogenic blood cell donation. Using the compounds 
according to the invention, it is also possible to expand the 
platelets in vivo for an autologous blood cell donation. 

In the compounds of formula I, II or III, C x -C l0 alkyl 
in all cases represents a straight or branched C 1 -C 10 chain 
which may optionally have one or more substitutions by C x -C 10 
alkyl or hydroxy, with methyl, ethyl, propyl, i-propyl, 
n-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, or 
decyl groups being preferred. 

In all cases, the C X -C 1Q alkoxy groups in the com- 
pounds of formula I, II or III contain straight or branched 
c i' c io al *yl chains, with methoxy, ethoxy, n-propyloxy, i-pro- 
pyloxy, n-butyloxy, tert-butyloxy , pentyloxy, hexyloxy, hep- 
tyloxy, octyloxy, nonyloxy, or decyloxy groups being 
preferred. 
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Preferably, the C^C^ acyl residue is understood to 
be a formyl, acetyl, propanoyl, butanoyl, pentanoyl, hexano- 
yl, heptanoyl, octanoyl, nonanoyl, or decanoyl residue. 

The aralkyloxy groups contain a phenyl group linked 
with a C x -C 10 alkoxy group, the benzyloxy, phenylmethoxy and 
phenylethoxy groups being preferred. 

The carbocyclic saturated or unsaturated ring systems 
having 5-14 C atoms, which are formed by R 1 and R 7 together 
and may optionally have one or more substitutions, are under- 
stood to be cyclopentane f cyclohexane or indane, for example, 
with cyclopentane and indane being preferred. 

If R 4 , R 5 , R 6 , or R 7 in the compounds of general 
formula I, II or III is a cycloalkyl group, it is understood 
to be a ring having from three to six carbon atoms. 

The substituents o£ a carbo- or heterocyclic saturat- 
ed or unsaturated ring system are understood to be halogen, 
nitro, cyano, hydroxy, C^-C^ alkyl, C^-C^ alkoxy, Cj-C^ 
alkoxycarbonyl, amino, C^-C^ alkylsulf onyi, C x -C 10 alkylsulf- 
inyl, mercapto, C^-C^ alky Imercapto , mono- or di-C^-C^- 
alkylamino, or trif luoromethyl . 

If one of the symbols D=E or F=G represents oxygen, 
sulfur or NR 10 , formula C represents a f ive-membered hetero- 
cyclic ring such as furan, thiophene, pyrrole, imidazole, 
oxazole, thiazole, pyrazole, or isoxazole. If one of the 
symbols D=E or E-F or F=G is part of another fused ring sys- 
tem, D and E or E and F or F and G in this case are linked by 
an appropriate chain. Such a chain which may optionally be 
substituted by C^-C^ alkyl or hydroxy is exemplified by the 
following : -CH=CH-CH=CH- , - ( CH 2 ) 3 - , - ( CH 2 ) 4 - , -CH=CH-S- , 
-CH-CH-O- , -CH=CH-NH- , -CH=CH-CH=N- , -CH=N-CH=CH- , 
-(CH 2 ) 3 -CO-. 
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Those compounds of general formula I, II or III are 
particularly preferred wherein Me represents nickel, R is 
hydrogen, L represents the group (B), Q is ammonia in the 
case of formula III, and R 4 , R 5 , R 6 , and R 7 independently 
represent hydrogen, (^-C^ alkoxy, C x -C 10 acylamino, benzyl- 
oxy, Ci-CiQ monoalkylamino, amino, di-Ci-Cxo-alkylamino, or 
halogen, SO a Na, or S0 3 H, or R 4 and R 6 at the same time repre- 
sent halogen; it is parricularly preferred that halogen rep- 
resents chlorine or bromine, X is oxygen, T is nitrogen, 2 is 
NH, and Y represents oxygen or sulfur. 

Prodrugs are understood to be compounds which are 
metabolized in vivo to give compounds of general formula I, II 
or III. 

Examples of physiologically usable salts of the com- 
pound of formula I are salts with physiologically tolerable 
mineral acids such as hydrochloric acid, sulfuric acid, sul- 
furous acid or phosphoric acid, or with organic acids such as 
methanesulfonic acid, p-toluenesulf onic acid, acetic acid, 
trifluoroacetic acid, citric acid, fumaric acid, maleic acid, 
tartaric acid, succinic acid, or salicylic acid. Compounds of 
formula I having a free carboxyl group may also form salts 
with physiologically tolerable bases. Examples of these salts 
are alkali metal, alkaline earth metal, ammonium, and alkyl- 
ammonium salts, such as sodium, potassium, calcium, or tetra- 
methyl ammonium salts. 

The pure enantiomers of the compounds of formula I, 
II or III are obtained either by resolving the racemates (via 
salt formation with optically active acids or bases) or by 
using optically active starting materials in the synthesis. 

The preparation of compounds of general formula I and 
II, wherein R 6 represents bromine, hydrogen or a nitro group, 
is described in Zh. Neorg. Khim. 32, 1158 (1987). This type 
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of compound was shown to have in vitro antibacterial activity 
(Zh. Neorg. Khim. 24, 40 (1990)). Compounds of general formu- 
la I or II having other substituents are prepared in an anal- 
ogous manner or may subsequently be converted to compounds of 
general formula I or II by exchanging substituents. The syn- 
thesis and physical properties of the substances of general 
formula I wherein Z is a bond and R represents 2-OH-C 6 H 4 are 
reported in Zh. Obshch. Khim. 60, 2348 (1990). The compounds 
of general formula II are precursors in the synthesis of 
compounds of general formula I. 

Zh. Obshch. Khim. 60, 2549 (1990) describes the prep- 
aration of compounds of general formula III/ wherein Q repre- 
sents pyridine, aniline or an aliphatic amine. Compounds of 
general formula III may be used as catalysts in the reduction 
of imines, and such a use does not have any relation to the 
activity as a TPO agonist which has been found. The EP-A- 
168,343 describes the use of compounds of general formula I 
for dyeing plastics. The preparation of compounds of general 
formula III, wherein Q represents a ligand containing nitro- 
gen such as ammonia or a pyridine derivative has been de- 
scribed in issled. Khim. Khelatnykh Soedin. 3, (1971). 

The compounds of general formula II are prepared by 
condensation of the corresponding aldehydes or ketones with 
the corresponding hydrazine derivatives or amine derivatives 
(e.g., Acta Chem. Scand. 15, 1097 (1961)). 

The complex compounds of general formula I and III 
are obtained in a per se known manner by contacting the li- 
gands with the corresponding metal acetates and heating in 
methanol (Zh. Neorg. Khim. 32, 1158 (1987); Zh. Obshch. Khim. 
60, 2549 (1990)). 

In the preparation of drugs, the substances of gener- 
al formula I, II or III are mixed with suitable pharmaceuti- 
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eal vehicles, flavoring substances, taste improvers, and 
colorants and formed into tablets or coated tablets, or sus- 
pended in water or oil, e.g., olive oil, with addition of 
appropriate adjuvants . 

The compounds of general formula I, II or III and 
their salts may be applied in liquid or solid form on the 
enteral or parenteral route. Water is preferably used as 
injection medium, containing stabilizers, solubilizers and/pr 
buffers usual in injection solutions. For example, such 
additives are tartrate or borate buffers, ethanol, dimethyl 
sulfoxide, chelating agents (such as ethylenediaminetetra- 
acetic acid), high molecular weight polymers (such as liquid 
polyethylene oxide) for viscosity control, or polyethylene 
derivatives of sorbitol anhydrides. For example, solid 
vehicles are starch, lactose, mannitol, methylcellulose, 
talc, highly disperse silicic acid, higher molecular weight 
polymers (such as polyethylene glycols). For oral administra- 
tion, taste improvers aiud sweeteners may additionally be 
contained, if desired. 

The dosage administered will depend on the age, the 
TPO level present in the patient, health condition, weight, 
extent of disease, the type of other treatments possibly 
conducted at the same time, and the type of effect desired. 
Conventionally, the daily dose of active compound will be 
from 0.01 to 5 mg/kg body weight. 

In addition to the compounds mentioned in the follow- 
ing examples, those compounds which may be derived by combin- 
ing all the substituents' meanings mentioned in the claims 
are preferred in the meaning of the present invention. 

The invention will be exemplified by the following 
examples, without being limited thereto. 
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Example 1: 

(2-Hydroxybenzylidene-thiobenzoylhydrazinato> nickel (II) (1) 

1.50 g (5.85 mmol) of N' - ( 2-hydroxybenzylidene )thio- 
benzoic acid hydrazide 81 was dissolved in 80 ml of boiling 
methanol. This solution was stirred into a solution of 1.45 g 
(5.85 mmol) of nickel (II) acetate tetrahydrate in 80 ml of 
methanol heated to 60*C. After a few minutes, the reddish- 
brown metal complex began to precipitate. For complete pre- 
cipitation, a standing period of 24 hours at room temperature 
was allowed. The metal complex was subsequently sucked off 
and washed with methanol and distilled water. After drying at 
40*C under vacuum, 1.70 g (94%) of 1 was obtained; m.p.: 261- 
263*C. 

MS (pos. LSIMS sp.) m.w. : 313 

Calculated (0.5 H 2 0) : C 52.22%, H 3.44%, N 8.70%, Ni 18.2% 
Found: C 52.67%, H 3.26%, N 8.82%, Ni 18.4% 



Example 2 : 

(2-Hydroxybenzylidene-thiobenzoylhydrazinato) zinc(II) (2) 

300 mg (1.17 mmol) of N '-( 2-hydroxybenzylidene ) thio- 
benzoic acid hydrazide 81 was dissolved in 20 ml of boiling 
methanol. This solution was stirred into a solution of 257 mg 
(1.17 mmol) of zinc (II) acetate dihydrate in 10 ml of metha- 
nol heated to 60'C. After a few hours, the reddish-brown 
metal complex began to precipitate. For complete precipita- 
tion, a standing period of 72 hours at room temperature was 
allowed. The metal complex was subsequently sucked off and 
washed with methanol and distilled water. After drying at 
40*C under vacuum, 350 mg (93%) of 2 was obtained; m.p.: 
>300°C. 

MS (pos. LSIMS sp.) m.w.: 318 

Calculated (0.5 H 2 0) : C 52.22%, H 3.44%, N 8.70%, Zn 18.2% 
Found: C 52.67%, H 3.26%, N 8.82%, Zn 18.4% 
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Example 3 : 

< 2-Hydroxy-5-bromobenzylidene-thiobenzoylhydrasinato)- 
nickel(II) (3) 

400 mg (1.19 mmol) of N' - ( 2-hydroxy-5-bromobenzyl- 
idene)thiobenzoic acid hydrazide 82 was dissolved in 10 ml of 
boiling methanol . This solution was stirred into a solution 
of 297 mg (1.19 mmol) of nickel (II) acetate tetrahydrate in 
10 ml of methanol heated to 60'C. After a few minutes, the 
red-brown metal complex began to precipitate. For complete 
precipitation, a standing period of 24 hours at room tempera- 
cure was allowed. The metal complex was subsequently sucked 
off and washed with methanol and distilled water. After dry- 
ing at 40° C under vacuum, 290 mg (62%) of 3 was obtained; 
m.p.: 210-212'C. 
MS (pos. LSIMS sp.) m.w. : 319 

Calculated: C 42.91%, H 2.31%, Br 20.39%, N 7.15%, Ni 14.0% 
Found: C 42.66%, H 2.56%, Br 20.58%, N 6.90%, Ni 13.8% 



Example 4 : 

( 2 , 4-Dihydroxybenxy 1 idene- benzoy lhy drazinato ) copper (II) ( 4 ) 

0.70 g (2.73 mmol) of N'-( 2 , 4-dihydroxybenzylidene)- 
benzoic acid hydrazide 83 was dissolved in 40 ml of boiling 
methanol. This solution was stirred into a solution of 0.46 g 
(2.73 mmol) of copper (II) acetate monohydrate in 20 ml of 
methanol heated to 60'C. After a few hours, the dark brown 
metal complex began to precipitate. For complete precipita- 
tion, a standing period of 72 hours at room temperature was 
allowed. The metal complex was subsequently sucked off and 
washed with methanol and distilled water. After drying at 
40*C under vacuum, 0.65 g (75%) of 4 was obtained; m.p.: 
>310*C. 

MS (pos. LSIHS sp.) m.w.: 317 
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Calculated: C 52.91%, H 3.17%, N 8.81%, Cu 20.0% 
Found: C 52.56%, H 3.21%, N 8.72%, Cu 20.2% 



Example 5: 

(2,4-Dihydroxybenzylidene-(4-pyridylcarbonyl)-hydrazinato)- 
zinc(II) (5) 

0.80 g (3.10 mmol) of N' - ( 2 , 4-dihydroxybenzylidene )- 
pyridine-4-carboxylic acid hydrazide 84 was dissolved in 
350 mi of boiling methanol. This solution was stirred into a 
solution of 0.68 g (3.10 mmol) of zinc (II) acetate dihydrate 
in 60 ml of methanol heated to 60 *C. After a few hours, the 
dark brown metal complex began to precipitate. For complete 
precipitation, a standing period of 48 hours at room tempera- 
ture was allowed. The metal complex was subseguently sucked 
off and washed with methanol and distilled water. After dry- 
ing at 40- C under vacuum, 0.88 g (89%) of 5 was obtained; 
ra.p. : >310*C. 

MS (pos. LSIMS sp.) m.w.: 320 

Calculated (0.5 H 2 0) : C 47.37%, H 3.05%, N 12.74%, Zn 19.8% 
Found: C 47.91%, H 2.87%, U 12.76%, Zn 18.8% 



Example 6: 

<2-Hydroxy-5-bromobenzylidene-thiobenzoylhydrazinato)cop- 
per(II) (6) 

0.40 g (1.19 mmol) of N' - ( 2-hydroxy-5-bromobenzyl- 
idenejthiobenzoic acid hydrazide 82 was dissolved in 10 ml of 
boiling methanol. This solution was stirred into a solution 
of 0.20 g (1.19 mmol) of copper (II) acetate monohydrate in 
10 ml of methanol heated to 60* C. After a few hours, the dark 
brown metal complex began to precipitate. For complete pre- 
cipitation, a standing period of 48 hours at room temperature 
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was allowed. The metal complex was subsequently sucked off 
and washed with methanol and distilled water. After drying at 
40'C under vacuum, 0.38 g (81%) of 6 was obtained; m.p.: 
>310'C. 

MS (pos. LSIMS sp. ) m.w.: 396 

Calculated: C 42.38%, H 2.29%, N 7.06%, Cu 16.02% 
Found: C 42.29%, H 2.23%, N 6.95%, Cu 15.70% 



Example 7 : 

(2-Hydrt3xy-4-diethylaminobenzylidene-thiobenzoylhydrazinafco) 
nickel(II) (7) 

1.0 g (3.05 mmol) of N' - ( 2 -hydroxy- 4-diethylamino- 
benzylidene)thiobenzoic acid hydrazide 99 was dissolved in 
80 ml of boiling methanol. This solution was stirred into a 
solution of 0.7 6 g (3.05 mmol) of nickel (II) acetate in 30 ml 
of methanol heated to 60* C: After a few hours, the dark brown 
metal complex began to precipitate. For complete precipita- 
tion, a standing period of 72 hours at room temperature was 
allowed. The metal complex was subsequently sucked off and 
washed with methanol and distilled water. After drying at 
40*C under vacuum, 0.96 g (82%) of 7 was obtained; m.p.: 204- 
206*C. 

MS (pos. LSIMS sp. ) m.w.: 384 

Calculated: C 56.28%, H 4.99%, N 10.94%, Ni 15.2% 
Found: C 56.72%, H 5.48%, N 11.06%, Ni 14.1% 



Example 8: 

( 2-Hydroxybenzy 1 idene- isothiosemicarbazonato ) nickel (II) ( 8 ) 

0.98 g (5.00 mmol) of N'-(2-hydroxybenzylidene)iso- 
thiosemicarbazone 85 was dissolved in 80 ml of boiling metha- 
nol. This solution was stirred into a solution of 1.20 g 
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(5.00 mmol) of nickel (II) acetate tetrahydrate in 80 ml of 
methanol heated to 60* C. After a few hours, the dark brown 
metal complex began to precipitate. For complete precipita- 
tion, a standing period of 24 hours at room temperature was 
allowed. The metal complex was subsequently sucked off and 
washed with methanol and distilled water. After drying at 
40*C under vacuum, 1.10 g (87%) of 8 was obtained; m.p.: 
>310"C. 

MS (pos. LSIMS sp. ) m.w. : 251 

Calculated (0.5 H 2 0): C 36.82%, H 3.86%, N 16.10%, Ni 22.5% 
Found: C 36.86%, H 2.70%, N 16.02%, Ni 21.1% 



Example 9 : 

<2-Hydroxy-5-bromobenzylidene-isothioseiiiicarbazonato)cop- 
per(II) (9) 

1.37 g (5.00 mmol* of N' - ( 2-hydroxy-5-bromobenzyl- 
idene)isothiosemicarbazone 86 was dissolved in 120 ml of 
boiling methanol. This solution was stirred into a solution 
of 1.00 g (5.00 mmol) of copper (II) acetate monohydrate xn 
120 mi of methanol heated to 60* C. After a few hours, the 
dark brown metal complex began to precipitate. For complete 
precipitation, a standing period of 24 hours at room tempera- 
ture was allowed. The metal complex was subsequently sucked 
off and washed with methanol and distilled water. After dry- 
ing at 40* C under vacuum, 1.2 g (72%) of 9 was obtained; 
m.p.: 270-72*C. 

MS (pos. LSIMS sp.) m.w.: 336 

Calculated: C 28.63%, H 1.80%, N 12.52%, Cu 18.93% 
Found: C 28.46%, H 1.77%, N 12.24%, Cu 18.30% 

Other examples synthesized in an analogous manner 
(No. 10-29) can be inferred from Table 1. The Examples 1-9 
mentioned therein are identical with the Examples above. 
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Example 30: 

Bis ( 2-hydrwxybenzylidene-fchiobenzoylhydraxinato) nickel (II) 61 

0.5 g (1.95 mmol) of N'-< 2-hydroxybenzylidene)thio- 
benzoic acid hydrazide 81 was dissolved in 30 ml of boiling 
methanol. To this solution, a solution of 0.24 g (0.975 mmol) 
of nickel (II) acetate tetrahydrate in 15 ml of methanol heat- 
ed to 60 *C was added with stirring. After a few minutes, the 
beige-brown metal complex began to precipitate. For complete 
precipitation, a standing period of 24 hours at room tempera- 
ture was allowed. The metal complex was subsequently sucked 
off and washed with methanol and distilled water. After dry- 
ing at 40 *C under vacuum, 0.5 g (90% of theoretical) of 61 
was obtained; m.p.: 243-245*C. 
MS (pos. LSIMS sp.) m.w.: 569 
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Calculated: C 58.72%, H 3.22%, N 8.95%, Ni 11.20% 
Found: C 58.33%, H 3.67%, N 9.96%, Ni 11.30% 



Example 31: 

Bis < 2-hydroxybenzylidene-benzoylhydrazinato) nickel < II ) 62 

1.00 g (4.16 mmol) of N'-( 2-hydroxybenzylidene) benzo- 
ic acid hydrazide 87 was dissolved in 100 ml of boiling meth- 
anol. To this solution, a solution of 510 mg (2.08 mmol) of 
nickel (II) acetate tetrahydrate in 25 mi of methanol heated 
to 60 *C was added with stirring. After a few minutes, the 
greenish metal complex began to precipitate. For complete 
precipitation, a standing period of 24 hours at room tempera- 
ture was allowed. The metal complex was subsequently sucked 
off and washed with methanol and distilled water. After dry- 
ing at 40*C under vacuum, 0.98 g (82% of theoretical) of 62 
was obtained; m.p. : >300*C. 
MS (pos. LSIMS sp. ) m.w. : 535 

Calculated (0.5H 2 O): C 61.79%, H 3.89%, M 10.29%, Ni 10.74% 
Found: C 61.73%, H 4.48%, N 10.19%, Ni 11.00% 



Example 32: 



Bis (2 , 3 , 4-trihydroxybenzylidene-benzoylhydrazinato) nickel (12) 
63 

0.70 g (2.57 mmol) of N'-( 2 , 3 , 4-trihydroxybenzyl- 
idene)benzoic acid hydrazide 90 was dissolved in 80 ml of 
boiling methanol. To this solution, a solution of 0.32 g 
(1.28 mmol) of nickel (II) acetate tetrahydrate in 25 ml of 
methanol heated to 60 *C was added with stirring. After a few 
minutes, the brown metal complex began to precipitate. For 
complete precipitation, a standing period of 24 hours at room 
temperature was allowed. The metal complex was subsequently 
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sucked off and washed with methanol and distilled water. 
After drying at 40*C under vacuum, 0.46 g (54% of theoreti- 
cal) of 63 was obtained; m.p.: 210-212"C. 
MS (pos. LSIMS sp.) m.w. : 599 

Calculated (3H 2 0): C 51.48%, H 4.01%, N 8.58%, Hi 8.99% 
Found: C 51.04%, H 3.57%, N 8.47%, Hi 10.00% 



Example 33: 

( 2-Hydroxybenzy lidene-thiobenzoylhydraziaato) -pyridinium- 
nickel(II) 64 

0.50 g (1.2 mmol) of N ' — ( 2 — hydroxybenzy lidene ) thio— 
benzoic acid hydrazide 81 was dissolved in 80 ml of boiling 
methanol. This solution was stirred into a solution of 0.48 g 
(1.2 mmol) of nickel (II) acetate tetrahydrate and 0.16 ml 
(1.2 mmol) of pyridine in 40 ml of methanol heated to 60*C. 
After a few hours, the dark brown metal complex began to 
precioitate. For complete precipitation, a standing period of 
48 hours at room temperature was allowed. The metal complex 
was subsequently sucked off and washed with methanol and 
distilled water. After drying at 40 "C under vacuum, 0.45 g 
(96%) of 64 was obtained; m.p.: 146-148'C. 
MS (pos. LSIMS sp.) m.w.: 391 

Calculated: C 58.20%, H 3.86%, H 10.72%, Hi 14.97% 
Found: C 58.13%, H 3.58%, H 10.60%, Hi 13.90% 

Other examples synthesized in an analogous manner 
(Ho. 34-45) can be inferred from Table 2. The Examples 30-33 
mentioned therein are identical with the Examples above. 
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The compounds of general formula II are prepared by 
condensation of the corresponding aldehydes or ketones with 
the corresponding hydrazine derivatives (e.g., Acta Chem. 
Scand. 15, 1097 (1961)). 

Example 64: 

N'-(2-Hydroxy-4-diethylaminobenzylidene) thiobenzoic acid 
hydrazide (99) 

1.52 g (10 iranol) of thiobenzoic acid hydrazide and 
1.93 g (10 mmol) of 2-hydroxy-4-diethylaminobenzaldehyde were 
added to 80 ml of methanol. This was then heated to boil, and 
a yellow solution formed. After boiling for 6 hours, the 
heating was removed and cooling to room temperature was al- 
lowed. Upon standing overnight, the substance precipitated in 
the form of yellow crystals which were sucked off and washed 
with ice-cold methanol. Arfter drying at 40*C under vacuum, 
2.5 g (78%) of 99 was obtained; m.p. : 78-80'C. 
MS (pos. LSIMS sp.) m.w.: 327 

Example 70: 

H'-(2-Hydroxynaphthylidene) thiobenzoic acid hydrazide (105) 

1.52 g (10 mmol) of thiobenzoic acid hydrazide and 
1.7 g (10 mmol) of 2-hydroxynaphthaldehyde were added to 
50 ml of methanol. This was then heated to boil, and a yellow 
solution formed. After boiling for 6 hours, the heating was 
removed and cooling to room temperature was allowed. Upon 
standing overnight, the substance precipitated in the form of 
yellow crystals which were sucked off and washed with ice- 
cold methanol. After drying at 40 'C under vacuum, 1.7 g (57%) 
of 105 was obtained; m.p.: 184-186*C. 
MS (pos. LSIMS sp.) m.w.: 306 
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Other examples synthesized in an analogous manner 
(No. 46-70) can be inferred from Table 3. The Examples 64 and 
70 mentioned therein are identical with the Examples above. 
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The following representative compounds are prepared 
in a way analogous to Examples 46-70. 
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Pharmacological investigations 

The bioactivity of the compounds according to the 
invention may be measured using a TPO-dependent cell prolif- 
eration test. The substances may not exert any effect on non- 
transfected parent BaF3 cells. Murine BaF3 cells with In- 
dependent growth [8] were transfected with human mpl recep- 
tor. In the absence of IL-3, proliferation and survival of 
these cells depend on TPO (Figure 1). The non-transf ected 
parent cell line does not respond to human TPO, yet prolifer- 
ates in the presence of IL-3. The cell proliferation is de- 
termined according to methods well-known in literature (WO 
96/40750). The libraries of chemical substances were screened 
in bioassays using the two cell lines above. The cells were 
cultivated in the presence of IL-3 (BaF3 parent) and TPO 
(BaF3 bearing mpl receptor = BaF3/mpl) in RPMI 1640 medium 
in the presence of 10% FCS (fetal calf serum). For testing, 
the cells were washed twice in a medium free of IL-3 and TPO, 
respectively, and resusperlded in a medium containing no TPO 
and IL-3, respectively. The cell suspension was then added in 
an amount of 10 4 cells/well to the wells of a 96 micro-well 
plate (Costar), which contained TPO or IL-3 and/or the com- 
pound. The cells were then incubated in a C0 2 incubator for 
48-72 hours at 37'C. The proliferative activity was deter- 
mined by addition of WST (WST: cell proliferation reagent; BM 
catalog No. 1644807 " Tetrazolium Salz"). WST is converted to 
formazan by proliferative cells, and this conversion as a 
measure for proliferation is determined using the OD (OD: 
optical density) at 570 nm in an EL ISA plate measuring in- 
strument. 

To determine the half maximum stimulation, the back- 
ground (cells with no substance) was subtracted from the 
maximum signal achieved, and this value was divided by 2. 
This value plus background value was then used to determine 
the EC 50 (half maximum excitatory concentration: substrate 
concentration where the substance has half the maximum activ- 
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ity in the BaF3/mpl receptor proliferation test) . Table 5 
exemplifies the EC S0 values for two tested compounds. 

The tested compounds stimulate proliferation of BaF3 
cells transfected with mpl receptor in a dosage-dependent 
fashion. Proliferation of parent cell lines is not stimulat- 
ed. Even in the absence of TPO, the compounds stimulate pro- 
liferation of the BaF3/mpl cells in a culture over weeks. 



Table 5 



Example No. 


EC 50 U/g/ml) 


1 


0.4 
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0.5 



[1] F.J. de Sauvage et al.. Nature 1994, 369, 533-538 

p] Si Lok et al. , Nature 1994, 369, 565-568 

[3] T.D. Bartley et al.. Cell 1994, 77, 1117-1124 

[4] N. Methia et al., Blood 1993, 82, 1395-1401 

[5] A. Grossmannet et al., Exp. Hematol. 1996, 24, 1238-1246 

[6] R. Basser et al., Blood 1997, 89, 3118-3128 

[7] M. Fanucchi et al., New Engl. J. Med. 1997, 336, 404-409 

[8] R. Palacios et al., Cell 1985, 41, 727-734 
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Claims : 



1. Use of metal complexes of general formula I 




wherein 

Me represents cobalt, copper, nickel or zinc, which may 
optionally form a bond to N; 

X represents sulfur, oxygen or an amino group which may 
be substituted by C X -C 1Q alkyl or benzyl; 

Y represents oxygen, sulfur or an amino group which may 
be substituted by C^-C^ alkyl, benzyl or phenyl; 

T represents nitrogen or CR 12 , wherein R 12 may be hy- 
drogen, C 1 -C 10 alkyl, benzyl or phenyl; 

Z represents oxygen, NH or a bond; 

R represents hydrogen, phenyl which may optionally have 

one or more substitutions, or pyridyl; 
R 1 represents hydrogen, C x -C 10 alkyl, phenyl which may 

optionally have one or more substitutions, a carboxyl 

or C^-C^ alkoxycarbonyl group; 
L represents an ethylene group (A), an aromatic ring 

(B), or a heterocyclic ring (C): 
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X 




(A) R * (B) 




wherein. 

R 2 , R 3 independently represent hydrogen, Ci~C 10 alkyl 
phenyl, carboxyl, C^-C^ alkoxycarbonyl, or ami- 
no car bony 1 ; 

R 4 , R 5 , R 6 , and R 7 independently represent hydrogen, 
chlorine, bromine, iodine, fluorine, trifluoro- 
methyl, cyano, S0 3 H, S0 3 Na, -SO-R 9 , -S0 2 -R 9 ,- 
nitro, phenyl which may optionally be substitut- 
ed, C x -C lQ alkyl Ci-CiQ alkoxy, C t -C 10 acyloxy, 
aralkoxy, -CO-R 9 , NR 10 R U , hydroxy, or cycloalkyl; 
wherein 

R 9 may be hydroxy, C^-C^ alkyl, phenyl, amino, 

mono- or dialkylamino ; 

R 10 , R 11 independently represent hydrogen, C r -C 10 alkyl, 
phenyl, benzyl, or C x -C 10 acyl; 

R 5 , R 6 together represent the -CH=CH-CH=CH- group; 

R 1 , R 7 together may form a carbocyclic saturated or 
unsaturated ring system having 5-14 C atoms, 
which may optionally have one or more substitu- 
tions by halogen, nitro, hydroxy, C^-C^ alkyl, 
Ci-CiQ alkoxy, Ci-CiQ alkoxycarbonyl , amino, sul- 
fonyl, sulfinyl, mercapto, C x -C 10 alkylmercapto , 
mono- or di-Cj-CiQ-alkylaraino; 

D, E, F, G independently represent CR 4 or N, where 
either the symbols D=E or F=G may also represent 
oxygen, sulfur or NR 10 , or the symbols D=E, E-F, 
F=G may be components of another fused ring 
system ; 
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in the production of drugs for treating and preventing 
thrombopenias and anemias, and their optically active 
forms, racemates, tautomers, diastereomeric mixtures, as 
well as the physiologically tolerable salts and prodrugs 
of these compounds. 

2. Use of compounds of general formula II 




wherein 

R, R 1 , R 12 , Y , Z, L, and T have the meanings specified 
for formula I according to claim 1, X represents sulfur, 
oxygen or an amino group which may be substituted by 
c l _c io alkyl °r benzyl, and R 8 represents hydrogen, ben- 
zyl, acetyl or C X -C 1Q alkyl, and their optically active 
forms, racemates, tautomers, diastereomeric mixtures, as 
well as the physiologically tolerable salts and prodrugs 
in the production of drugs for treating and preventing 
thrombopenias and anemias. 
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3. use of compounds of general formula III 



R 1 




(in) 



wherein 

R, R 1 , L, Me, T, X, Y, and Z have the meanings specified 
for formula I according to claim 1,. Q represents tetra- 
hydrofuran, dimethyl sulfoxide , dimethyl formamide , ammo- 
nia, a primary, secondary or tertiary amine, pyridine, a 
trialkylphosphine or triphenylphosphine , l-Me-3,4-di- 
hydroisoquinoline, 1,3, 3-trimethyl-4-hydroisoquinoline, 
or Q represents a compound of general formula I according 
to claim 1, or a compound of general formula II according 
to claim 2, and their optically active forms, racemates, 
tautomers, diastereomeric mixtures, as well as the physi- 
ologically tolerable salts and prodrugs in the production 
of drugs for treating and preventing thrombopenias and 
anemias . 

4. Use of compounds of general formula I according 
to claim 1, of general formula II according to claim 2, 
or of general formula III according to claim 3 in the 
production of drugs for the treatment of diseases where 
thrombopoietin or another protein/peptide binding to the 
mpl receptor is used as therapeutic agent. 

5. Compounds of general formula I according to 
claim 1, of general formula II according to claim 2, or 
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of general formula III according to claim 3, wherein 2 is 
a bond, R is phenyl or pyridyl which optionally may be 
substituted, R 4 f R 5 , R 6 , and R 7 independently represent 
hydrogen, halogen, amino, mono-C^C^-alkylamino, di- 
Ci-C^-alkylamino, C 1 -C 10 acylamino, or benzyloxy, with 
the proviso, that R 4 , R 5 , R 6 , and R 7 do not represent 
hydrogen at the same time, and that R 6 may not be bromine 
or nitro if R 4 , R 5 and R 7 represent hydrogen at the same 
time. 

6. Drugs, containing at least one compound of gener- 
al formula I, II or III according to claim 5, and suit- 
able pharmaceutical vehicles and adjuvants. 

7. Use of compounds of general formula I, II or III 
according to claim 5 in the production of drugs for the 
treatment of diseases, particularly thrombopenias and 
anemias, where thrombopoietin or another protein/peptide 
binding to the mpl receptor is used as therapeutic agent. 

8. Use of compounds according to claims 1, 2, 3 or 
5 in the production of a drug for stimulating platelet 
formation and stem cell mobilization in vivo. 

9. use of compounds according to claims 1, 2, 3 or 
5 in the production of a drug for stimulating megakaryo- 
cyte and platelet formation in vitro. 

10. Use of compounds according to claims 1, 2, 3 or 
5 in the production of a drug for stimulating erythrocyte 
formation. 

11. Use of compounds according to claims 1, 2, 3 or 
5 in the production of a drug for stem cell expansion. 
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